Introduction
Bronchial asthma (BA), atopic dermatitis (AD) and allergic rhinitis (AR) are common atopic disorders with complicated etiologies. The atopic march from early AD to BA, AR, or both later in life and the extensive comorbidity among them indicates, that these atopic disorders might share a common mechanism (1) . Moreover, heritability of these atopic disorders is high, being 35-95% for BA, 71-84% for AD, 33-91% for AR and 34-68% for allergen-specific serum immunoglobulin E (IgE) levels (1, 2) .
Filaggrin is now considered as a major predisposing gene for many atopic disorders, which result in a major paradigm in dermatology and allergy research (3) . Many studies pointed out an association of the filaggrin gene with different atopic disorders. More specifically, loss-of-function mutations in the filaggrin gene have been reported to have an association with various atopic/allergic disorders (3). Batchelor et al., reported that there is a strong and consistent association between filaggrin mutations and development of AD (4) , but an associations between filaggrin mutations with AR and BA are not pronounced (3, 4) . Currently, it is not fully known whether mutation in the filaggrin gene also effects its protein secretion in patients with BA, AD and AR, therefore, the present study was hypothesized to determine the role of production of filaggrin protein in hyperreactivity in these allergic patients. To prove this hypothesis, we determined the serum levels of filaggrin protein in patients with BA, AR, AD and also in those atopic patients, which were affected by multiple atopic disorders (mixed atopic patients). Not only have we measured these, we also determined the levels of IgE as a positive control for the allergic patients as studies have shown a well-defined association between serum IgE levels with allergic disorders (5, 6) . Bronchial hyperactivity has long been recognized as a hallmark of a number of allergic disorders but it's association with the dysfunctioning of mast cells and eosinophils is still not completely defined and remains controversial (7, 8) . We assumed that bronchial hyperactivity might have correlations with eosinophil's major basic protein (MBP) and leukotriene B4 (LTB4) in atopic disorders. Therefore, MBP and LTB4 were also estimated in these atopic patients to determine their roles in these allergic conditions.
Methods

Human subjects
This is a prospective case-control study, which enrolled AD, BA and AR individuals based on having a typical atopic picture according to recent guidelines described by Global Initiatives for Asthma (GINA) for BA (9) , AR and its Impact on Asthma (ARIA) for AR (10) and SCORAD index for AD (11) . The study was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki as revised in Tokyo 2004) for humans and was approved by National Plan for Science, Technology and Innovation of KSA (NSTIP # 11-BIO1459-09) and was also approved by institutional review board (IRB) of College of Medicine, Qassim University, KSA. Informed consent from all studied subjects was taken before sample collection. All studied atopic individuals were consecutively recruited from Outpatient Clinics affiliated to Qassim University (pulmonology, pediatric and dermatology Clinics). Out of 1,246 atopic patients, BA (n = 445; age 38.1 ± 8.9), AR (n = 225; age 41.7 ± 13.9), AD (n = 216; age 25.6 ± 10.4), patients having mixed atopic disorders (n = 360; age 38.6 ± 11.4) were selected. Normal healthy humans (n = 410; age 39.13 ± 11.2) were selected and were used as controls. All selected control humans have no history of allergic disease. Venous blood samples from all studied subjects were taken and sera were stored at -80ºC until analyzed as described previously (12) (13) (14) . Demographic details of all studied subjects are summarized in Table 1 
Statistical analysis
Results are expressed as the mean+SEM unless stated otherwise. One-way ANOVA of variance followed by Tukey-Kramer multiple comparisons test, or Twoway ANOVA of variance followed by Bonferroni comparisons test. p < 0.05 was considered significant. All statistical analysis was carried out by Graph Pad Prism version 5.0 (Graph Pad Software Inc., San Diego, CA, USA).
Results
Filaggrin in different atopic disorders
In this study, we determined the serum levels of filaggrin in patients with different atopic disorders and their levels were compared with healthy human controls. The data 265 
Total IgE in different atopic disorders
The serum levels of total IgE in patients with different atopic disorders (n = 1,246) were found to be significantly higher as compared to healthy controls (n = 410) (p < 0.0001). Average IgE levels (± SEM) in all studied atopic subjects and human controls were 68.9 ± 2.06 and 45.4 ± 1.98 IU/mL, respectively ( Figure  2A) . Specifically, the average IgE levels (± SEM) in the patients sera with AD (n = 216), AR (n = 225), BA (n = 445) and mixed atopic patients (n = 360) were 48.65 ± 10.6, 82.17 ± 6.50, 69.53 ± 2.07, and 74.04 ± 6.24 IU/mL, respectively ( Figure 2B ). Results also pointed out that IgE levels were significantly increased in AR patients as compared to AD or BA patients (p < 0.05), whereas patients with multiple atopic disorders had almost similar levels of IgE as AR patients (p > 0.05).
Major basic protein in different atopic disorders
The serum levels of MBP in patients with different showed a significant increase in serum filaggrin levels (p < 0.001) in 1,246 different atopic disorders patients compared with 410 healthy controls of the same age group. The average filaggrin levels (± SEM) in all studied atopic subjects and controls humans were 7.13 ± 0.09 and 2.09 ± 0.04 ng/mL, respectively ( Figure 1A ). More specifically, the average filaggrin levels (± SEM) in the patients sera with AD (n = 216), AR (n = 225), BA (n = 445) and mixed atopic patients (n = 360) were 8.74 ± 0.81, 6.51 ± 0.36, 6.96 ± 0.12, and 8.29 ± 0.33 ng/mL, respectively ( Figure 1B) . These results showed that filaggrin levels were significantly increased in AD patients as compared with AR or BA patients (p < 0.05), whereas patients with multiple atopic disorders had almost similar levels of filaggrin as AD patients (p > 0.05). Data of all tested serum proteins including filaggrin in BA, AD, AR and in patients with mixed atopic disorders are summarized in Table 2 . atopic disorders (n = 1,246) were found to be significantly higher as compared with healthy controls (n = 410) (p < 0.01). The average MBP levels (± SEM) in all studied atopic subjects and human controls were 10.90 ± 0.27 and 5.12 ± 0.19 ng/mL, respectively ( Figure 3A) . Importantly, the average MBP levels (± SEM) in the patients sera with AD (n = 216), AR (n = 225), BA (n = 445) and mixed atopic patients (n = 360) were 5.47 ± 1.16, 14.39 ± 0.92, 11.08 ± 0.29, and 9.51 ± 0.78 ng/mL, respectively ( Figure 3B ). These results showed that MBP levels were significantly increased in AR patients as compared with AD, BA, or mixed atopic patients (p < 0.05). Moreover, results also indicated that MBP levels were not increased in AD patients as compared with the levels found in controls' sera (p > 0.05).
LTB4 in different atopic disorders
Serum levels of LTB4 in patients with different atopic disorders (n = 1,246) were found to be significantly low as compared with normal healthy controls (n = 410) (p < 0.001). The average LTB4 levels (± SEM) in all studied atopic subjects and human controls were 9.92 ± 0.13 and 13.05 ± 0.18 ng/mL, respectively ( Figure 4A) . Specifically, the average LTB4 levels (± SEM) in the patients sera with AD (n = 216), AR (n = 225), BA (n = 445) and mixed atopic patients (n = 360) were 7.12 ± 0.36, 9.94 ± 0.69, 10.21 ± 0.14, and 8.45 ± 0.29 ng/ mL, respectively ( Figure 4B ). These results showed that LTB4 levels were almost similar in all tested atopic patients groups including AD, AR, BA and also mixed atopic patients, but were significantly low as compared with their respective controls (p < 0.05).
Discussion
This study demonstrated the role of filaggrin, IgE, eosinophil major basic protein, and LTB4 in patients with BA, AD, AR and in those patients, which had multiple atopic disorders. Filaggrin is a key structural protein required for the normal biogenesis and physiology of the stratum corneum (15) . The findings of genetic variants in the gene encoding filaggrin in up to 50% of AD patients enhanced our understanding of the role of filaggrin in skin barrier defect, AD pathogenesis, and the subsequent progression along the atopic march (16, 17) . The atopic march concept describes the progression of atopic disorders from AD in infancy to AR and BA in childhood (17) . It is now well documented that the mutations in the filaggrin gene are major risk factors for AD (18, 19) . Not only in patients with AD, mutations in the filaggrin gene also had significant association with BA and AR (20, 21) . In this study, we determined the protein levels of filaggrin in patients BA, AD, AR and patients with mixed atopic disorders and their levels were compared with normal healthy controls. The data showed a significant increase in serum filaggrin levels in 1,246 different atopic disorders patients compared with 410 healthy controls of the same age group. More specifically, filaggrin levels were significantly increased in AD patients as compared with AR or BA patients, whereas patients with multiple atopic disorders had almost similar levels of filaggrin as AD patients. These results indicated that filaggrin protein is clearly associated with almost all atopic disorders particularly with AD patients and with those patients, which have multiple disorders.
Atopy is defined as a personal or familial propensity to produce IgE antibodies and sensitization in response to many factors particularly environmental triggers (22) . The IgE sensitization and severity of many atopic disorders were well studied and connected with each other particularly for AD progression and BA persistence (23, 24) . Previously we also concluded that IgE is useful in evaluating the progression of AD and in elucidating the mechanisms of disease pathogenesis (6) . In this study, we found that the serum levels of total IgE in patients with different atopic disorders were significantly higher as compared with healthy controls. Not only have we measured these, our data also pointed out that IgE levels were significantly increased in AR patients as compared with AD or BA patients, whereas patients with multiple atopic disorders had almost similar levels of IgE as AR patients, indicating that diagnostic values of IgE in serum are more important for AR patients and patients with mixed atopy as compared to AD or BA patients.
Eosinophils have a vital role in allergic inflammatory processes and MBP is present in the secretory granules of the eosinophil (25) . Evidence implicates that the eosinophil and its granule proteins are assumed to mediate hypersensitivity disorders, as MBP-1 levels are elevated in sputum and bronchoalveolar lavage of BA patients (25) . Studies have also shown that MBP-1 has a role in tissue damage as tissue damage is directly associated with eosinophil infiltration in BA (25) . Morital et al. demonstrated that serum major basic protein is elevated in patients with AD (26) . In addition, activated eosinophils and depositions of eosinophil granule proteins have also found in AD skin biopsies (26) . Serum eosinophil cationic protein and eosinophil peroxidase is a sensitive indicator of the disease activity in AR (27) . Serum eosinophil cationic protein and eosinophil peroxidase in patients with seasonal rhinitis demonstrated a high predictive ability for later development of BA (28) . In view of these, it is important to know the protein level of MBP in patients with various atopic disorders, therefore in this study we determined the levels of MBP in the serum samples of AD, AR, BA and in those patients which have multiple atopic disorders. The serum levels of MBP in patients with different atopic disorders were found to be significantly increased and high as compared with healthy controls. Moreover, our results also pointed out that MBP levels were remarkably high in AR patients as compared with AD, BA, or mixed atopic patients. However, MBP levels were not increased in AD patients. These data indicate that MBP serum level has more value in the diagnosis of AR rather than AD.
LTB4 is a well-known mediator of leukocyte pathways involved in chemotactic properties of neutrophils, macrophages, monocytes, eosinophils, and dendritic cells (29) . Studies have shown that LTB4 plays important roles in inflammatory and immune responses by activating phagocytic cells, differentiated T-cells, and dendritic cells (29, 30) . Dysfunction of LTB4 has been reported in various allergic disorders (29, 30) , therefore in this study we determined serum levels of LTB4 in patients with different atopic disorders and they were found to be significantly lower as compared with normal healthy controls. Specifically, our results also showed that LTB4 levels were almost similar in all tested atopic patients groups including AD, AR, BA and also mixed atopic patients, but were significantly lower as compared with their respective controls (p < 0.05). These data indicated that LTB4 might play a role in the pathogenesis of BA, AD and AR. As a whole, the present findings clearly suggest the roles of multiple proteins in the pathogenesis of BA, AR and AD. Our results are fully supported by numerous studies performed in different disorders including allergic disorders (31) (32) (33) (34) . In our previous studies we have also reported pathogenic effects of multiple proteins in patients with systemic lupus erythematosus (35) (36) (37) . Moreover, studies have also shown dysfunction of multiple proteins in diabetes patients (38) (39) (40) . Not only have these, inhibition of a wide array of enzyme activities have also been reported in the same group of patients (41) (42) (43) . All these reports further strengthen our findings that the pathogenic effects can be generated by the abnormal behavior of multiple proteins rather than the involvement of a single protein.
With the support of these studies, the findings from the present study in various atopic disorders strongly support an association between protein levels of filaggrin, MBP or LTB4 and AD, AR or BA. Our results suggest that filaggrin, IgE, MBP and LTB4 may be useful in elucidating the mechanisms of pathogenesis of these atopic disorders. In conclusion, our data clearly show that the levels of filaggrin, MBP and LTB4 were abnormal in patients with BA, AD, AR, and in those patients, which had multiple atopic disorders. These data clearly conclude that serum levels of filaggrin, MBP and LTB4 might be useful in the diagnosis of BA, AD and AR.
